Epimanool is reported for the first time in high yield (up to 7% w/w) from the New Zealand endemic shrub Celmisia viscosa (Asteraceae), together with a new derivative, containing the first natural example of a 2,6-dideoxy-hexopyran-3-ulose. The absolute stereochemistry of epimanool was proven by conversion to manool ketone, which also showed the potential of this plant as a source of perfume starting material. Epimanool is present in the sticky exudate on the leaf surfaces of C. viscosa.
The native plants of New Zealand contain a wide range of unique natural products, some with economic uses [1] . For example the diterpene manool 2 (Figure 1 ), first isolated from the gymnosperm Halocarpus biformis [2] , has been converted into a wide range of products [3] , and is currently used as a starting material for the perfume industry [4] . We now report the isolation of epimanool 1 and a new epimanool derivative 3 from Celmisia viscosa Hook. f. (Asteraceae), a montane to subalpine sub-shrub endemic to the South Island of New Zealand [5] .
The leaves of C. viscosa are sticky [5] , suggestive of resinous compounds. The only previous report on the chemistry of C. viscosa is a study of carbohydrate and lipid variation with season [6] . Triterpene saponins have been isolated from C. petriei [7] and C. spectabilis [8] . Leaves of Celmisia species have been used historically for dressing wounds, as an asthma treatment and as a substitute for tobacco [9, 10] .
Extraction of a whole C. viscosa plant with chloroform and chromatographic separation gave the main compound (yield 2% w/w of dried plant material) as a colourless gum. This was initially thought to be manool 2, by comparison of the 1 H NMR spectrum with a reference spectrum of 2. Derivatives of both epimanool 1 and manool 2 have been reported, but very rarely, from Asteraceae species: compounds related to manool from Centaurea spp. identified by GC [11] ; and glycosidic derivatives of epimanool isolated from Aster veitchianus [12] . Previously it has not been possible to distinguish between manool and epimanool by NMR [13] , or by GC-MS since their retention indices and mass spectra are very similar [14] . The advent of higher field NMR now allows differences between the two to be seen. 13 C and 1 H NMR spectra of manool 2 (from H. biformis) and the C. viscosa compound 1 at 125 MHz and 500 MHz respectively (Table 1) showed only two 13 C signals that differed by > 0.1 ppm between 1 and 2. These signals were those assigned to C-16 and C-14 (Table 1 . This difference was confirmed by 13 C NMR spectroscopy of a mixture of 1 and 2). These carbons are adjacent to C-13, where the epimeric hydroxyl group is attached. 1 Table 2 ), shown to be attached to the epimanool C-13 by an HMBC correlation ( Figure 2 ); a ketone; and an acetate shown to be attached to a CH by an HMBC correlation ( Figure 2 ). Other COSY and HMBC correlations ( Table 2) were consistent with a 2,6-dideoxyhexopyran-3-ulose substructure A, with the relative stereochemistry shown in Figure 2 based on coupling constants and NOE interactions. The closest known structure to our proposed substructure A was synthetic compound 5 ( Figure 1 ) [16] . This had similar 1 H NMR shifts and coupling constants to those of the signals for compound 3 ( Table 2 ). The nearest known natural product with a substructure similar to A was from an actinomycete, with 2,6-dideoxyhexopyran-3-ulose substructure but an equatorial hydroxyl at C-4' [17] . 1 H and 13 C NMR data were consistent, allowing for this difference. Therefore we propose structure 3 for this new compound, with stereochemistry at C-13 assumed to be the same as for co-occurring epimanool 1. The absolute stereochemistry of the sugar portion of the proposed structure 3 was not determined, but is shown with the absolute stereochemistry at C-1' the same as that found for epimanool glycosides in another Asteraceae plant [12] .
NPC Natural Product Communications
Manool 2 is currently isolated in 6-8% yields from the heartwood of pink pine (H. biformis) [18] . We investigated various aspects of production of epimanool 1 from C. viscosa, as a possible alternative starting material for the perfume industry.
Since C. viscosa contains both epimanool 1, derivative 3 and other derivatives hydrolysis of the chloroform extract of C. viscosa should increase the yield of 1. Base hydrolysis was found to be In order for epimanool 1 to be useful as a starting material for the perfume industry, it would have to be oxidized to manool ketone 4, a key intermediate in the formation of the powerful ambergris odorant amberketal [19] . This has been accomplished previously by Bolster et al [20, 21] and we used this method to produce manool ketone 4 in a 70% yield from C. viscosa material. Manool ketone 4 was identified by comparing 1 H and 13 C NMR data with published data [20] . The optical rotation of our product (+27) was close to the optical rotation found by Do Khac Manh (+38) [22] and Bolster et al (+36) [20] confirming the same absolute stereochemistry.
The amount of epimanool and derivatives present in different plant parts of C. viscosa was investigated to determine if it was possible to harvest epimanool without destroying the plant. Extracts of upper leaves, lower leaves and dead old leaves all contained similar concentrations of epimanool and derivatives by 1 H NMR. The highest absolute yields of extract were from the upper leaves (41% w/w) and the dead material (21%). These could be harvested without killing the plants. However, we found that specimens of this subalpine plant grown at sea level, by propagation or growing from seed, did not survive long.
As noted above, the leaves of C. viscosa are described as very viscid [5] , i.e. having a sticky secretion, which is the origin of the species name viscosa [23] . It was found that epimanool 1 was part of this excretion, since simply dipping intact leaves in hexane extracted about half of the total compound present. This exudate may protect the plant from dehydration in its mountain habitat, as well as possibly deterring herbivorous insects.
There are 58 New Zealand endemic Celmisia species listed in the Flora [5] of which we have collected 11. Extracts of these collections were analysed by 1 H NMR. Only C. viscosa, C. discolor and C. semicordata subsp. aurigans showed the characteristic vinyl 1 H NMR signals (Table 1 ) of epimanool 1. Some forms of C. discolor are noted as having viscid leaf surfaces [5] , but stickiness is not recorded for C. semicordata [24] .
In conclusion, we have found high levels of epimanool 1 in the New Zealand endemic plant C. viscosa, the first report of this compound from this genus and a rare instance of its occurrence in the family Asteraceae. The derivative 3 is the first natural example of a 2,6dideoxy-hexopyran-3-ulose with the stereochemistry shown. Base hydrolysis prior to extraction showed the potential for high yields of epimanool 1, a potential perfume precursor, from C. viscosa. However, plant propagation and growth studies showed that this species was slow growing and did not survive well away from its natural mountain habitat. 
Experimental

Manool ketone 4, Chemical Abstracts Registry No. [10266-75-8]
Epimanool 1 (0.2 g) was dissolved in acetone (20 mL) and the solution stirred at room temperature. Potassium permanganate (0.37 g) and magnesium sulphate (0.31 g) were added to the solution, kept at room temperature, stirred and monitored by TLC. After 2 h no epimanool could be detected by TLC. The solvent was removed by evaporation in vacuo and the product separated by column chromatography over silica gel eluting with CHCl 3 . Manool ketone 4 (0.13 g, 70 %) was obtained as a colourless oil. [25] except that we saw no signal at 29.6 ppm but had resolved signals at 33.5 and 33.6 ppm.
